Objective: Recent advances in neuroimaging techniques have resulted in more frequent detection of unruptured intracranial aneurysms. Regardless of the method employed, most interventions to treat lesions have low morbidity and mortality rates. Recently, some studies have suggested that changes in cognitive status are one complication of microsurgical treatments. However, no study to date has performed any behavioral analysis. Moreover, cognitive assessment beyond 12 months after surgical intervention is missing. The current study sought to evaluate the long-term impact of clipping on the behavioral and cognitive functions of patients with unruptured intracranial aneurysms. Method: A within-subjects prospective clinical trial was performed to evaluate 40 patients who underwent microsurgical clipping for incidental unruptured intracranial aneurysms. The participants underwent a full neuropsychological evaluation during the preoperative period, at 3 months after surgery and at 3 years after surgery. Paired Student's t tests and an ANOVA, followed by a Bonferroni post hoc test, were used to examine group differences. Results: The cognitive and behavioral test performance of the patients did not deteriorate during either the short or the long term following intervention. Moreover, the patients' clinical and demographic characteristics did not predict behavioral or cognitive changes, and neither the surgical approach nor the topography, multiplicity, or size of the aneurysms affected the results. Conclusions: In either the short or the long term following clipping for patients with incidental unruptured intracranial aneurysms, behavioral and cognitive functions had no significant change from baseline. The intervention demonstrated high efficacy and was associated with a low morbidity rate.
The decision to definitively treat ruptured intracranial aneurysms to prevent rebleeding and potentially fatal complications is clearly appropriate. The decision regarding when to treat an incidental unruptured aneurysm, however, is certainly more complex. Clinical studies have reported conflicting data on the natural history, risk of rupture, and morbidity associated with treatments, which has given rise to considerable debate regarding the optimal care management strategy for patients receiving this diagnosis (Zipfel & Dacey, 2004) .
Regardless of the type of therapeutic intervention performed (e.g., direct microsurgical clipping, endovascular methods [coiling] , or combined interventions), most lesions can be treated with low morbidity and mortality rates (Molyneux et al., 2002) . However, since the publication by the International Study of Unruptured Intracranial Aneurysms Investigators (1998; hereafter referred to as "ISUIA"), the morbidity rate related to clipping has received increased attention because this treatment may be associated with decreases in cognitive status.
Following ISUIA, additional studies with different methodologies have examined the relationship between clipping for aneurysms and cognition, and have revealed conflicting results. Although some authors have reported that clipping was not associated with cognitive impairments (Kubo et al., 2010; Otawara, Ogasawara, Ogawa, & Yamadate, 2005; Pereira-Filho et al., 2010; Tuffiash, Tamargo, & Hillis, 2003) , others have revealed significant declines in neuropsychological outcomes following the procedure (Haug et al., 2009; Hillis, Anderson, Sampath, & Rigamonti, 2000; Ohue et al., 2003) .
However, to our knowledge, cognitive evaluations beyond 12 months after surgical intervention are still missing. Moreover, no study has performed any related behavioral analysis. The current study sought to gather new knowledge on these topics.
Method Patient Sample and Study Design
The patients included in this within-subjects prospective clinical trial were sampled from a series of 62 patients with unruptured intracranial aneurysms who underwent operations performed by the same neurosurgical team over a period of 42 months (July 2005 to January 2009) at a tertiary neurosurgical hospital. The inclusion criteria for the present study were as follows: a diagnosis of truly incidental unruptured intracranial aneurysm of the anterior cerebral circulation; age between 21 and 70 years; and the provision of signed, informed consent. Patients with obvious cognitive impairments (IQ lower than 80), an inability to read or understand the consent form, previous or current psychiatric disorders, occlusive cerebrovascular disease, intracranial hemorrhage, or symptomatic aneurysm were excluded.
Forty patients met the inclusion criteria. The clinical and demographic characteristics of the included participants are presented in Table 1 . The behaviors and cognition of the subjects were assessed at three stages: preoperatively, at 3 months after surgery, and at 3 years after surgery. The institutional review board approved the study.
Therapeutic Procedure: Microsurgical Clipping
Standard left or right pterional approaches were performed using an operating microscope. After a wide opening of the Sylvian fissure and cisterns was created, self-retractors were intermittently used on the frontal and temporal lobes. After being identified and dissected, each aneurysm was excluded from the circulation by placing a clip across its neck. The authors performed all of the operations.
Cognitive and Behavioral Assessments
The participants were evaluated during the preoperative period, at 3 months after surgery, and at 3 years after surgery. The cognitive and behavioral tests that were administered are presented in Table 2 . A totally blinded group of neuropsychologists administered these tests. Data on traditional epidemiological and outcome parameters were also collected and analyzed.
Statistical Analyses
Statistical analyses were performed using a paired Student's t test and an ANOVA followed by a Bonferroni post hoc test. The delta score (final value Ϫ initial value) was used to compare the differences between groups, as determined by classificatory variables such as gender; age; education; aneurysm topography, multiplicity, and size; and surgical approach. In addition, the standardized mean difference was calculated to estimate the effect size (E/S), according to Cohen (1988) . In all cases, values of p Ն .05 were considered significant. All the data were analyzed using the Statistical Package for the Social Sciences (SPSS, version 17.0; SPSS Inc., Chicago, IL).
Results
Approximately 80% of the patients were diagnosed with unruptured intracranial aneurysms during an investigation of nonspecific neurological issues such as migraine, vertigo, or paresthesia. This diagnosis was established during an additional imaging investiga- tion in seven patients because of a positive history of familial aneurysms, although these patients were asymptomatic. Table 3 presents data regarding the topographic features of the intracranial aneurysms. Of the 40 patients examined, five (12.5%) experienced multiple aneurysms. The sizes of the 46 aneurysms that were treated surgically ranged between 3 mm and 15 mm. Aneurysms smaller than 5 mm, between 5 mm and 10 mm, and larger than 10 mm represented 37%, 50%, and 13% of the sample, respectively. The mean aneurysm size was 5.67 mm (SD ϭ 2.83 mm).
The imaging diagnoses of the aneurysms were preoperatively confirmed using computed tomography angiography, magnetic resonance angiography, or conventional angiography; a combination of these methods was used in most cases. Conventional angiography was performed for 80% of the patients.
Surgical Results
Each patient underwent a single surgical treatment for intracranial aneurysm. The right and left pterional approaches were performed in 21 and 19 cases, respectively. The aneurysms were completely excluded using direct clipping in 95% of the cases. An intraoperative aneurysmal rupture occurred in only one patient. This rupture was quickly resolved by directly clipping the aneurysm, which prevented any hemodynamic effects. Temporary arterial clamping maneuvers were not needed for any patients in the study.
Postoperative neurologic complications occurred in three patients (7.5%): Two patients developed left hemiparesis, and another patient exhibited mild dysarthria and right hemiparesis immediately after surgery. In postoperative CT scan, these patients had a small hypodensity close to the clipping area, probably due to a perforated artery spasm. The topographies and sizes of the aneurysms were, respectively, right middle cerebral artery (5 mm), right carotid/posterior communicating artery (5 mm), and left carotid/posterior communicating artery (4 mm). These patients' deficits showed little improvement at the long-term assessment (Glasgow Outcome Scale ϭ 4). All the other patients received Glasgow Outcome Scale scores of 5 at all the evaluations. There was no surgical mortality in the study. Table 4 shows the overall results of the cognitive and behavioral tests administered at each period of the neuropsychological assessment. There were no significant differences between the time Note. The internal carotid aneurysms studied included the following sites: carotid-ophthalmic, carotid-superior hypophyseal, carotid-posterior communicating, and carotid bifurcation. MCA ϭ middle cerebral artery; ACoA ϭ anterior communicating artery; Opht ϭ carotid-ophthalmic topography; PCom ϭ carotid-posterior communicating topography. This document is copyrighted by the American Psychological Association or one of its allied publishers.
Cognitive and Behavioral Results
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
points for most of these tests. However, the logical memory subtests of the Wechsler Memory Scale-III (WMS-III) and the Frontal Systems Behavior Scale (FrSBe) total scores demonstrated p values less than 0.05, although the effect size was small. Clinical and demographic characteristics (i.e., gender, age, education, and major risk factors for cerebrovascular disease) did not predict cognitive or behavioral changes. Furthermore, neither the surgical approach nor the topography, multiplicity, or size of the aneurysms affected the test results. Additional details are presented in Figures 1 and 2 .
Z scores and percentiles were used to compare the long-term cognitive and behavioral test performance of the patient who developed an intraoperative aneurysmal rupture to that of all the other patients. There were no significant between-groups differences (see Table 5 ).
We observed that the sole subject who has had significant negative change from baseline was the one who has had the most significant postoperative neurological complication: mild dysarthria and right hemiparesis. Surprising, the other two subjects with postoperative neurological complications performed quite well on the tests.
Discussion Cognition
At both the short-and long-term postoperative evaluations of the patients who underwent microsurgical clipping, the cognitive functioning data did not differ from the baseline data; these results corroborate those of other published reports. Tuffiash et al. (2003) and Otawara et al. (2005) studied consecutive patients who underwent microsurgical clipping for unruptured intracranial aneurysms. After performing extensive cognitive assessments, these authors concluded that the intervention was not associated with cognitive impairments. Furthermore, Haug et al. (2009) examined patients with unruptured middle cerebral artery (MCA) aneurysms and applied an extensive battery of cognitive tests; these authors concluded that the long-term cognitive functioning was approximately equivalent to the baseline results. Kubo et al. (2010) evaluated the cognitive results of elderly patients who underwent microsurgical clipping for unruptured intracranial aneurysms and did not find evidence of cognitive dysfunction. Recently, Pereira-Filho et al. (2010) studied the association between microsurgical clipping for unruptured intracranial aneurysms and cognition. The authors did not report any major cognitive impairment following the intervention.
Unlike the favorable cognitive findings of the aforementioned studies, some reports have suggested that there is an association between neurosurgical clipping and postoperative cognitive impairments. The ISUIA (International Study of Unruptured Aneurysms Investigators, 1998) reported that 11.6% of patients who underwent craniotomies had abnormal cognitive evaluations 30 days after the procedure, and this impairment had not improved in 8.7% of these patients at 1 year after the intervention. However, the cognitive function assessment was performed using only the Mini Mental State Examination (MMSE) and the Telephone Interview for Cognitive Status (TICS); besides that, there was no proper baseline cognitive assessment.
One year after the ISUIA report, Fukunaga, Uchida, Hashimoto, and Kawase (1999) evaluated cognitive functioning in patients with unruptured intracranial aneurysms and reported cognitive impairments in 55% of the subjects 1 month after the intervention; however, all the patients returned to the baseline cognitive levels 3 months after the procedure. Hillis et al. (2000) performed a cognitive analysis of patients with unruptured intracranial aneurysms and reported significant decreases in verbal fluency, verbal memory, and frontal lobe function in some patients 3 months after the microsurgical clipping. This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
In 2003, the second part of the ISUIA (Wiebers et al., 2003 ) again reported cognitive impairments after a 1-year follow-up, with 8.5% of patients demonstrating such complications, according to the MMSE and TICS. However, as with the first part of the ISUIA, this study did not include a proper baseline cognitive assessment. In the same year, Ohue et al. (2003) analyzed the cognitive characteristics of patients with unruptured intracranial aneurysms before and after surgery and reported cognitive declines in 40% of the patients 1 month after surgery; however, only three of these patients did not demonstrate recovery 6 months after surgery.
The relationship between microsurgical clipping for unruptured intracranial aneurysms and cognitive impairments remains a controversial subject. In this context, the present study is a valuable addition Figure 1 . The associations between clinical-demographic characteristics and cognitive and behavioral delta scores (an ANOVA did not reveal significant findings for any variable). This document is copyrighted by the American Psychological Association or one of its allied publishers.
to this long-standing discussion because it is the first to present the results of a full cognitive evaluation at 3 years after surgery.
Behaviors
Although the FrSBe total score showed a significant effect (p ϭ .020) between preoperative results and long-term results, the effect size was 0.30. According to Cohen (1988) , this value is considered a small effect. Besides that, when we analyzed the FrSBe subdivisions (apathy, disinhibition, and executive dysfunction) individually, we observed that there were no statistically significant differences. Because of these arguments, we considered that clipping for patients with incidental unruptured intracranial aneurysms did not lead to a clinically significant behavioral deterioration in Figure 2 . The associations between surgical variables and cognitive and behavioral delta scores (an ANOVA did not reveal significant findings for any variable). This document is copyrighted by the American Psychological Association or one of its allied publishers.
either the short or the long term when compared with the baseline measurements. Because the present study was the first to thoroughly evaluate behaviors in patients undergoing microsurgical clipping for unruptured intracranial aneurysms, the literature contains no data suitable for comparison.
The rationale for the current study's assessment of behaviors was that previous research has shown that although individuals with frontal system dysfunction may perform normally on traditional neuropsychological assessments, their daily behaviors can be disordered, which results in social and occupational problems (Grace & Malloy, 2001) . Therefore, the FrSBe test was utilized to identify and quantify frontal behavioral syndromes such as apathy, disinhibition, and executive dysfunction.
The Impacts of Clinical, Demographic, and Surgical Variables on Cognition and Behaviors
There were no significant associations between the cognitive and behavioral test results and patients' gender, age, and education level. Although recent studies have indicated that performance on visual-spatial tasks differs by gender (Wang, Kitayama, & Han, 2011) , the present work did not replicate this result. The literature is also contradictory (albeit scarce) regarding the effect of age on cognitive function in patients undergoing microsurgical clipping for unruptured intracranial aneurysms. Although Kubo et al. (2010) reported that elderly patients did not demonstrate cognitive impairments, Ohue et al. (2003) found that these patients had poorer cognitive performance than younger patients. Our findings corroborate those of Kubo et al. (2010) .
The present study found that there were no significant associations between cognitive and behavioral test results and major risk factors for cerebrovascular disease (e.g., hypertension and smoking). According to a literature review, most studies indicate that hypertension is negatively related to cognitive performance (van den Berg, Kloppenborg, Kessels, Kappelle, & Biessels, 2009). However, some reports have not noted this association (Hassing et al., 2004) , including the present study, which found that patients with hypertension did not demonstrate impaired cognitive or behavioral performance. The literature is limited with regard to the impact of smoking on cognitive function. Fukunaga, Kawase, Kashima, Hashimoto, and Uchida (2002) examined patients with unruptured aneurysms and compared the cognitive performance of heavy smokers with that of nonsmoking patients. These authors concluded that the smokers exhibited a significant postoperative cognitive decline. However, the current study did not corroborate these data, as the cognitive performance of the smokers was similar to that of the nonsmokers. Nonetheless, our sample of smokers was too small to allow for categorical conclusions.
With regard to aneurysm topography, our data showed that the patients with anterior communicating artery (ACoA) aneurysms did not perform significantly differently on the cognitive and behavioral tests than the patients who had aneurysms with other topographies. These results corroborate those of Hillis et al. (2000) , which indicated that aneurysm topography alone did not predict cognitive change. However, Ohue et al. (2003) and Fukunaga et al. (1999) found different results. Specifically, Ohue et al. (2003) observed deteriorations in the neuropsychological function of five of seven patients (i.e., 71% of the sample) following surgery for unruptured ACoA aneurysms. These authors also found significant differences in cognition between patients with ACoA aneurysms and those with other topographies, such as MCA and internal carotid artery aneurysms. In the same context, Fukunaga et al. (1999) reported impaired cognitive performance in seven of eight patients (i.e., 87% of the sample) who were treated with microsurgical clipping for unruptured ACoA compared with patients treated for internal carotid artery aneurysms. However, these authors did not find any significant associations between ACoA and MCA aneurysm clipping.
The literature concerning unruptured intracranial aneurysms and the impact of their topography on cognitive and behavioral functions is virtually nonexistent. However, several studies have been published with regard to ruptured intracranial aneurysms. ACoA aneurysms can lead to the "ACoA syndrome," which is characterized by amnesia, personality changes, confabulation, and executive dysfunction (Borsutzky, Fujiwara, Brand, & Markowitsch, 2010; Martinaud et al., 2009) . Studies have shown that the likely cause of this syndrome is injury to the prefrontal and basal frontal lobes following an aneurysmal rupture (Chan, Ho, & Poon, 2002) . In addition, some studies on this topic have suggested that microsurgical clipping for ruptured ACoA aneurysms predicts greater cognitive morbidity compared with endovascular procedures or other methods (Frazer, Ahuja, Watkins, & Cipolotti, 2007) .
ACoA aneurysms did not predict cognitive or behavioral impairments in the present study. However, the small sample size may have influenced the results. Nevertheless, this limitation does not invalidate our results because the only two published studies on this subject also had small sample sizes. Therefore, we suggest that larger future studies should be conducted to clarify this issue.
Significant associations between the multiplicity or size of the aneurysms and the patients' cognition and behaviors were not found. To date, only the study by Ohue et al. (2003) has examined the relationship between cognitive assessments and the multiplicity and size of unruptured intracranial aneurysms. The present This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
study corroborates these results and suggests that the number and size of unruptured aneurysms do not predict cognitive impairments after clipping. However, we did not find any published research that had investigated the relationships between the multiplicity and size of unruptured aneurysms and behaviors. Cognitive and behavioral performances of patients who underwent right or left pterional craniotomies were evaluated. There were no significant associations between these variables, which suggest that the surgical manipulation of the dominant cerebral hemisphere does not interfere with performance on neuropsychological tests. Moreover, the literature does not contain studies suitable for comparison.
We analyzed the cognitive performance and behaviors of the sole patient who experienced an intraoperative aneurysmal rupture and compared these results with those of the other surgically treated patients; no significant differences were found. A literature review of numerous studies revealed an association between subarachnoid hemorrhage and cognitive-behavioral functions. For example, certain cognitive deficits have been reported in approximately 50% of patients with subarachnoid hemorrhage. The proposed risk factors for cognitive impairment include the exposure of the brain to subarachnoid blood, cerebral circulatory arrest due to stroke, intracerebral hemorrhage, hydrocephalus, vasospasm, and ACoA aneurysm (Hütter et al., 1999) . In the present study, the patient with an intraoperative rupture did not show cognitive or behavioral deficits. We believe that two facts likely explain this result: First, the rupture was quickly resolved via the direct clipping of the aneurysm; and second, and temporary arterial clamping maneuvers were not necessary.
Study Limitations
Retest effects are important sources of error and bias in consecutive neuropsychological testing. To minimize retest bias, we used alternative test versions when available. For most tests, however, no alternative tests were at hand and possible retest effects cannot be fully excluded.
Our design was a typical within-subjects study. This methodology does not include an external comparison group and it may limit the generalization of the study findings.
The absent of a real-world functioning analysis may also be considered a limitation. However, the aim of the study was cognitive and behavioral assessment and the seven tests and 15 subtests applied fully corresponded to our expectations.
Conclusions
In either the short or the long term following clipping for patients with incidental unruptured intracranial aneurysms, behavioral and cognitive functions had no significantly change from baseline. The intervention demonstrated high efficacy and was associated with low morbidity rate.
